Proton NMR study of coordinated imidazoles in low-spin ferric heme complexes. Assignment of single proton histidine resonance in hemoproteins.
The proton signals for the coordinated axial imidazoles in a series of low-spin ferric bis-imidazole complexes with natural porphyrin derivatives have been located and assigned. The methyl signals of several methyl-substituted imidazoles have also been resolved for the mixed ligand complexes of imidazole and cyanide ion. The imidazole spectra for the bis complexes are essentially the same as those reported earlier for synthetic porphyrins, with the hyperfine shifts exhibiting comparable contributions from the dipolar and contact interactions. The contact contribution reflects spin transfer into a vacant imidazole pi orbital. The spectra of both the mono- and bis-imidazole complex concur in predicting that only the 2-H and 5-CH2 signals of an axial histidine are likely to resonate clearly outside the diamagnetic 0 to --10 ppm from TMS region in hemoproteins. However, both the 2-H and 4-H imidazole peaks are found to be too broad to detect in a hemoprotein. Hence, it is suggested that the pair of non-heme, single-proton resonances in low-spin met-myoglobin cyanides arise from the non-equivalent methylene protons at the 5-position of the histidyl imidazole. Both the resonance positions and relative linewidths in the model compounds are consistent with the data for this pair of protons in myoglobins. The possible interpretations of the average downfield bias of these signals as well as the magnitude of their spacing, are discussed in terms of the conformation of the proximal histidine relative to the heme group.